Antibiotics, the activity of which was enhanced against Pseudomonas aeruginosa by SP127, were restricted to the basic macrolide antibiotics such as erythromycin, maridomycin and oleandomycin, the neutral macrolide antibiotics such as lankamycin and lankacidin C, vancomycin and enramycin.
Synergistic activity of SP127 with the above antibiotics was found against Pseudomonas aeruginosa and several strains of Escherichia coli, but not against Proteus vulgaris and macrolide-resistant Staphylococcus aureus. SP127 had extremely weak proteolytic but no lytic activity. From the isotopic experiments, the action of SP127 was partially attributed to the promotion of antibiotic penetration to cells of Pseudomonas aeruginosa.
In the previous study1), the protein SP127, which enhances the activity of erythromycin (EM) against Pseudomonas aeruginosa, was isolated from culture broth of Bacillus brevis ATCC 8185 and its physicochemical properties were presented.
The purpose of the present study is to elucidate the mode of action of SP127.
Materials and Methods
Test organisms P. aeruginosa IFO 3080 was mainly used as described previously". As the target organisms, IFO strains of P. aeruginosa, Escherichia coli and Proteus vulgaris, and macrolide-resistant (MACr) strains of Staphylococcus aureus were employed. MACr strains were kindly provided by Mr. M. KIDA and Dr. H. ONO of our Central Research Division.
Determination of MIC The minimum inhibitory concentration (MIC) was measured as follows: Bouillon agar (100 ml) was mixed with 2 ml of test organism suspension (optical density at 600 nm of 0.05) and then mixed with each antibiotic tested and SP127 to give various concentrations, respectively. The agar was then poured into a Petri-dish. After solidification of the agar, it was incubated at 37°C for 18-20 hours. The minimum inhibitory concentration for each antibiotic was defined as the lowest concentration of each antibiotic to inhibit the growth of the test organism in the presence of SP127.
Assay of Lytic Activity Lytic activity was assayed by measuring the decrease of turbidity associated with lysis of cells. The reaction mixture contained cells only, cells and SP127 or cells, SP127 and maridomycin (or EM) in 0.05 M phosphate buffer (pH 7.0). After the mixtures were kept for 3 hours at 37°C, turbidity at 600 nm was measured. One unit was defined as the amount which caused a decrease in 0.001 of turbidity at 600 nm per minute. Various types of cells prepared by the conventional method were used as the enzyme substrates.
Assay of Proteolytic Activity Proteolytic activity was assayed according to the modified method of KUNITZZ2). The reaction mixture containing 1 ml of 2 % casein, 0.5 ml of 0.2 M buffer and 0.5 ml of the sample was incubated at 36.5°C for 20 minutes, followed by addition of 3 ml of TCA. The reaction mixture was passed through Whatman filter paper No. 5C and the absorbance of the resulting filtrate was measured at 275 nm. One unit was defined as the amount which caused an increase in 1.0 of absorbance at 275 nm per minute.
Uptake of Maridomycin P. aeruginosa IFO 3080 was grown in 20 ml of bouillon in a 200-ml flask at 37°C. When OD590 reached 0.22, 14C-maridomycin or 14C-maridomycin and SP127 were added. After certain intervals, the uptake of 14C-maridomycin from the extracellular medium by P. aeruginosa was measured as follows : One ml of broth was filtered through a Millipore membrane filter (0.45 µ pore size). After the filter membrane was washed twice with 5 ml of ice-cold 0.1 M phosphate buffer (pH 7.0), it was transferred to a vial containing 6 ml of a scintillator (POPOP, 0.2 g; PPO, 4 g; ethyleneglycol, 20 ml; naphthalene, 6.0 g; methanol, 20 ml; dioxane, 1,000 ml). Radioactivity was determined by an Aloka liquid scintillation counter. The uptake of maridomycin was compared by cpm of the cells per ml broth. 14C-Maridomycin (1.1 uC/mg) was a gift from Dr. M. YONEDA of our Central Research Division.
Antibiotics Almost all antibiotics used in the experiments were obtained from our Central Research Division. Vancomycin was the product of Eli Lilly & Co.
Results

Enhancement
of Activity of Various Antibiotics against P. aeruginosa by SP127 Table 1 indicates the effect of SP127 on the activity of various antibiotics against P. aeruginosa.
Interestingly, the antibiotics, the activity of which was enhanced against P. aeruginosa by SP127, were restricted to basic macrolide antibiotics (MAC) such as erythromycin, maridomycin (MDM) and oleandomycin, neutral macrolide antibiotics such as lankamycin and lankacidin C, vancomycin and Among the antibiotics showing synergism with SP127, the combined effect of maridomycin or vancomycin with SP127 was examined against gram-negative bacteria (Tables 2 and 3 ). Antibiotic activity of these agents was enhanced 30-to 300-fold against P. aeruginosa and E. coli in the presence of SP127. Synergy by SP127 and these antibiotics was, however, not observed There was found no synergistic action of SP127 with EM or maridomycin against these five strains.
The reason why the synergism was not observed against permeability-changed strain CS 462 may be attributable to a difference in membrane structures between S. aureus and P. aeruginosa.
Combined
Effect of SP127 and Maridomycin on the Growth of P. aeruginosa Proteolytic activity of SP127 was compared with those of authentic proteases (Table 4) . Activity Table 4 . Comparison of proteolytic activity
The reaction mixture contained 1 ml of 2% casein, 0.5 ml of 0.5 M buffer and 0.5 ml of enzyme solution in a total volume of 2.0 ml, and was incubated at 36.5°C for 20 minutes. 
